The distribution of esterase activity in the last abdominal ganglion, the connectives and the cercal nerves of the cockroach Periplaneta americana has been investigated cytochemically.
INTRODUCTION
Although it is well established that the insect central nervous system contains unusually large amounts of acetylcholine and cholinesterase, the existence of a cholinergic transmission mechanism within the ganglia of the nerve chain has not hitherto been clearly demonstrated (references in Colhoun, 1963; Chadwick, 1963) . Among the observations that have apparently militated against the presence of this system has been the fact that topically applied solutions of acetylcholine in high concentrations (up to 10 -2 u.) have no effect on the electrical activity of the ganglia (Twarog and Roeder, 1956; Yamasaki and Narahashi, 1960; Treherne, 1962 b) . These observations led to the suggestion (Twarog and Roeder, 1953; O'Brien and Fisher, 1958 ) that the extracellular sheath surrounding each ganglion may act as an extremely impermeable diffusion barrier, preventing access of the acetylcholine to the underlying areas of synaptic activity.
As will be discussed in more detail later in this paper, Treherne and Smith (1965) have studied the uptake of 14C-labeled acetylcholine by intact Periplaneta nerve cords, and have demonstrated not only that this substance does penetrate rapidly into the central nervous system, encountering no well defined peripheral diffusion barrier, but also that it is rapidly metabolized on entry. In the presence of the anticholinesterase eserine, the penetration of acetylcholine into the central nervous system is not impaired, but the subsequent hydrolysis of this compound is largely inhibited. The uptake of acetylchoiine in the presence of eserlne was found to occur as a two-stage process, the initial rapidly exchanging fraction being identified with the extracellular compartments which have been shown to occur, by electron microscopy, in peripheral regions of the ganglia and in the neuropile (Smith and Treherne, 1963) .
The aims of the present work have been to obtain information on the cytological localization of the esterase responsible for the hydrolysis of acetylcholine entering the ganglion and other parts of the nerve cord in the above experiments, and particularly to visualize and assess the presence of esterase activity in these regions of the ganglion in which central synaptic transmission takes place.
The experimental results to be described should be prefaced with a brief description of the organization of the insect ganglion, since this diverges in several respects from comparable regions of the vertebrate central nervous system. The cytological structure of the last abdominal ganglion of the cockroach Periplaneta has been reviewed by Smith and Treherne (1963) . The ganglion is bounded by a fibrous sheath, containing collagenlike material, overlying an epithelial layer, the perineurium. Beneath the latter is situated a region containing the perikarya or cell bodies of motor and internunciary (association) neurons, together with the cell bodies and attenuated cytoplasmic processes of glial cells. Two features of this region are of especial importance in the present context. First, the glial processes surround extracellular spaces of considerable extent. These spaces contribute to the large "inulin space" of 18.6 per cent (Treherne, 1962 a) : this total extracellular phase is very large compared with that of the vertebrate (Horstmann and Meves, 1959; or leech (Coggeshall and Fawcett, 1964) central nervous systems. Secondly, the cell bodies of the neurons in insects are encapsulated by extensive concentric glial folds, precluding the establishment of axosomatic or axodendritic synapses (Smith and Treherne, 1963; Smith, 1965) . The result of this last structural feature is that all synaptic contacts between axons and their branches are relegated to the central region of the ganglion, the neuropile.
At the electron microscope level, the insect neuropile is a formidably complex region of axon profiles and tenuous glial processes, in which extracellular spaces are reduced to narrow channels, ca. i00 A in width, lying between the cell membranes of nervous and glial members. It was suggested by Smith and Treherne (1963) that one of the functions of the glia within the neuropile may be to define the pattern of possible synaptic transfer, since surfaces of adjoining axon branches are invariably closely applied to each other, unless they are separated by interpolated glial tendrils. Trujillo-Cen6z (1962) stressed that mere close apposition of axon surfaces is, however, of too general occurrence within the neuropile to indicate per se synaptic contact, but closer examination of the organization of the neuropile, and particularly the axon contents, appears to permit the identification of at least one type of synapse. According to the hypothesis developed by De Robertis (1955, 1956) , Palay (1958) , Katz (1962) , and others, transmission in many vertebrate central and peripheral synapses may be mediated by the discharge of a chemical transmitter agent, initially sequestered in "synaptic vesicles" within the presynaptic axoplasm, into the narrow synaptic gap situated between the pre-and postsynaptic units. As Palay summarised the situation (1958): "the complex of a cluster of synaptic vesicles, associated with a focalized area of presynaptic plasmalemma, and the synaptic cleft may be considered as a morphological subunit" of the synapse and that "these synaptic complexes may represent the actual sites of impulse transmission across the synapse." Close examination of those regions of the neuropile in Periplaneta ganglia that are rich in vesicle-laden axon profiles has revealed the presence of synaptic foci, precisely similar in appearance to those described in vertebrate material. In the present study, particular attention was paid to the distribution of esterase activity in those regions of the neuropile considered, on the basis of their structure as outlined above, to contain abundant areas of synaptic transmission.
MATERIALS AND METHODS
The last abdominal ganglion and associated cereal nerves and connectives of the cockroach Periplaneta americana were employed. AduLt male insects were selected, since the relative sparseness of the fat body in this sex facilitates dissection and removal of the nervous tissues. The method for cytochemical demonstration of cholinesterase activity described by Barrnett (1962) , involving the use of thiolacetic acid as substrate, was adopted. Eefore incubation in a medium containing this substrate, ganglia and associated structures were fixed in glutaraldehyde according to the following schedule: the nerve chain of the insect was exposed by removal of the tergal sclerites and the gut, and ice-cold fixative, containing 2.5 per cent glutaraldehyde maintained at pH 7.2 in 0.05 M cacodylate buffer, was pipetted onto the preparation. After 2 minutes, the cereal nerves and connectives were severed at a point as far as possible from the ganglion, and this portion of the cord was removed and placed in the fixative, in a vessel surrounded with crushed ice. Fixation was continued for 20 to 60 minutes, after which the tissue was washed in several changes of cold 0.25 ~ sucrose in the cacodylate buffer, for 6 to 24 hours. The variable times employed did not affect the final result.
After this washing, the material was placed in the following incubation medium. A solution of thiolacetic acid (CH3COSH) at a concentration of ca. 0.24 M was prepared by dilution of the concentrated reagent, and 0.25 rnl of this solution was titrated to pH 7-7.2 by addition of NaOH, initially at a concentration of 1.0N and, as the required pH was neared, at concentrations of 0.1 or 0.01 N. To this neutralized solution was added 0.05 M cacodylate buffer at pH 7-7.2 to a final volume of 20 ml, followed by 0.006 M lead nitrate in 5 ml of cacodylate buffer. Any light precipitate that formed upon addition of the lead salt was removed by filtering, and, as Barrnett reported, no spontaneous hydrolysis of the incubation medium was noted, in the cold, for a period of 40 minutes.
Before being placed in the above medium, the ganglia were bisected transversely with a razor blade, to ensure access of the medium to the interior of the structure. Half ganglia were incubated in Petri dishes surrounded by crushed ice, and incubation was terminated by washing them briefly in buffered sucrose and placing them in cold 1 per cent Veronalacetate-buffered OsO4, when definite signs of reaction product became visible in the dissecting microscope. The clearest reaction was observed in the central region of the ganglion, on the cut surface of the neuropile, though when a faint brown coloration due to deposition of the reaction product (lead sulfide) was visible here, perceptible coloration had also occurred at the cut extremities of the cereal nerves and connectives. A reaction was generally evident after 20 minutes' incubation; on occasions, incubation was then continued to 40 minutes, and in the latter, deposition of reaction product was subsequently found to have extended to a greater depth within the half ganglion. Both incubation times were suitable for electron microscope examination of esterase localization.
To examine the effects of the cbolinesterase inhibitor eserine, this compound was added in a final concentration of 10 -4 or lO-SM to the buffered sucrose used for washing the material after glutaraldehyde fixation, and was also included (10 -4 M) in the incubation medium. These controls were otherwise treated precisely as the material not treated with eserine.
Osmium tetroxide postfixation was continued for 1 hour; the tissue was then dehydrated in an ethanol series, through propylene oxide, and embedded in Araldite. Sections were cut on a Huxley microtome, and examined either unstained or stained with lead (Millonlg, 1961) in a Philips EM 200.
RESULTS

The Neurone Perikarya and Their Glial Sheaths
In ganglia that have been treated with the incubation medium without pretreatment with eserinc, a precise demarcation is shown in the deposition of reaction product in the region of the perikarya or cell bodics of the neurons and thc glial sheaths surrounding them. A typical field from this region of a ganglion thus treated is shown in Fig. 1 . Although none of the organelles within the perikaryon shows any trace of reactivity, the electron-opaque reaction product (lead sulfide) is present in the form of abundant very small granules, deposited on the succcssivc apposed cell membranes of thc concentric glial folds surrounding the perikaryon, a localization that is seen to better advantage at higher magnification in Fig. 2 .
The appearance of similar sections of matcrial treated with the cholinestcrase inhibitor cserine is strikingly different. As is illustrated in Fig. 3 , thc perikaryon remains unreactive, and the deposition of rcaction product in association with the glial sheath has been entirely prevented. Thus, each neuron cell body appears to be encapsulated by a cellular sheath which, by virtue of its response to a specific inhibitor, is seen to be the site of localization of considerable amounts of cholinesterase. It should be mentioned here that while the majority of results obtained during the present study are in close accord with the light microscope findings of Wigglesworth (1958) on the distribution of esterase activity in ganglia of the reduviid bug Rhodnius, a discrepancy occurs in the results relating to this portion of the ganglion. Wigglesworth described an unspecific esterase, unaffected by eserine, in the glial sheaths of the perikarya of Rhodnius, but no trace of this enzyme has been detected in the Periplaneta abdominal ganglion.
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In the brain and fused thoracic and abdominal ganglia of Rhodnius, Wigglesworth (1958) noted an intense esterase reaction in the neuropile, revealed by Gomori's modification of Koelle's acetylthiocholine method, or by the 5-bromoindoxylacetate method of Holt and Withers (references in Wigglesworth, 1958) . This neuropile reaction was found by Wigglesworth to be prevented by eserine (10 -~ M), an inhibitor of cholinesterases, and by 10 -4 M l:5-bis-(4-trimethylammonium-phenyl)pentane-3-one diiodide (62. C.47), an inhibitor of the true acetylcholinesterase of mammals, but was unaffected by the inhibitor of the "pseudo-cholinesterase" of the mammalian central nervous system, tetra-isopropyl pyrophosphoramide. Wigglesworth accordingly concluded that in this insect a specific acetylcholinesterase is present in large quantities within the neuropile.
A detailed electron microscope study was made of the distribution of reaction product in the neuropile of Periplaneta, with thiolacetic acid as substrate, and reacted fields are reproduced in Figs. 4 to 10 b. The situation in eserine-treated ganglia will be considered first. In sections of material treated with this inhibitor, evidence of reaction is rather sparsely distributed within the neuropile, and the dense granules of the final product, indicative of enzymatic activity, are invariably restricted to the tenuous glial processes that lie between the axon profiles; no trace of activity is found either along the axon plasma membranes, or associated with any of the axoplasmic organelles; i.e., neurofilaments, synaptic vesicles, or mitochondria (Figs. 4 and 5) .
In material treated with the thiolacetic acid medium in the absence of eserine, the localization of reaction product is entirely different. The limited unspecific glial reaction may still be present, but the most obvious feature of these preparations is the extensive deposition of reaction product in association with axon membranes within the neuropile. In Fig. 6 , a low power field of a ganglion treated in this manner is reproduced; numerous axon profiles are included, and mitochondria, synaptic vesicles, and neurofilaments are resolved within many of these. Deposits of lead sulfide may be seen either surrounding very small axon branches, or as discontinuous patches on the surface of larger axons. The cytological details of the localization of this reaction are more clearly seen at higher magnification in Figs. 7, 8, 9a and 9 b. In Fig. 7 , several axon profiles are shown in oblique or transverse section, and nine well demarcated patches of intense esterase activity are present. Each reactive region is associated with closely apposed axon membranes; that is, in situations where intercalated glial processes are absent. This micrograph also serves to illustrate another feature of reacted neuropile sites of esterase activity: the frequent presence of aggregations or clusters of synaptic vesicles in the axoplasm adjoining the discontinuous patches or blocks of activity. In Figs. 8 and 9 a, further examples of localized membrane-associated blocks of deposited reaction product may be seen, often, though not invariably, backed by clusters of vesicles resembling the "synaptic foci" mentioned previously. At higher magnification (Fig. 9 b) , it may further be seen that each compact block of reaction product comprises two narrowly separated portions, apparently corresponding to deposits on the closely apposed cell membranes of each dual axon association.
These micrographs have been interpreted in terms of the hypothesis that in some synapses, at least, the transmitter is contained within the synaptic vesicles, and in instances where a vesicleFmunE 1. A field from the peripheral or cortical region of the last abdominal ganglion of the cockroach Periplaneta americana, reacted for esterase localization. The figure ineludes a portion of the perikaryon or cell body of a neuron (pk) containing various cytoplasmic inclusions, for example the stacked, smooth-membraned cisternae of the dictyosomes (di). Each cell body is encapsulated by glial folds, constituting a tightly fitting sheath (gl). The perikaryon is devoid of esterase activity, but the cell membranes of the glial folds bear large numbers of minute dense particles of the reaction product (lead sulfide) : a few clusters of these particles are indicated by arrows. It should be noted that this enzymatic activity is entirely prevented by pretreatment with eserine (cf. packed axon lies alongside one or more axon profiles containing few or no synaptic vesicles (as in Figs. 8 and 9 a) , and where localized regions of eserine-sensitive esterase are present along the apposed axon surfaces, the axons have been designated presynaptic and postsynaptic, respectively. The pair of serial sections reproduced in Figs. 10 a and 10 b illustrate the complexity of the junctions between axon branches within the neuropile, and indicate that the reacted regions along the axon branches are indeed discontinuous, and precisely localized with respect to the threedimensional meshwork of nervous elements. In this instance, the presumed presynaptic component contacts several postsynaptic branches, and while the former does not exhibit well defined aggregation of the synaptic vesicles, the concentration of these structures throughout the profile is comparable with that noted elsewhere in the focalized clusters.
In concluding this description, two points should again be stressed: first, that the membrane-associated esterase reaction of the axon surfaces is completely inhibited by eserine, and secondly, that even in regions where the membrane reaction is very intense (e.g., close to the cut surface of the half ganglion), axoplasmic structures are devoid of reaction product. This latter observation is at variance with the findings of Barrnett (1962) in his study of the localization of esterase in a vertebrate neuromuscular junction.
The Cereal Nerves and Connectives
The cercal nerves are large paired trunks, containing the sensory fibers from the anal cerci, while the paired connectives are present between adjacent ganglia along the nerve cord. In neither location does synaptic transmission take place. Both the cercal nerves and connectives are limited by an extracellular sheath, and contain axons of various sizes, separated by glial folds (Hess, 1958; Wigglesworth, 1958 Wigglesworth, , 1959 Smith and Treherne, 1963) . Electron microscope studies show that while the axons in these regions of the nervous system contain neurofilaments and scattered mitochondria, the synaptic vesicles, abundant in many regions of the neuropile, are lacking. Wigglesworth (1958) concluded that in Rhodnius cholinesterase is present not only within the neuropile, but also in the glia between the axons in the larger nerves, a conclusion that is in general confirmed in the present study. Fig. 11 illustrates a typical field in a preparation untreated with eserine of the cereal nerve of Periplaneta, reacted for esterase activity.
The axon membranes show no signs of any enzymatic reaction through hydrolysis of thiolacetic acid, though small granules of the reaction product occur alongside them on the cell membranes of the glial processes, and perhaps, in limited numbers, within the gliocyte cytoplasm. This glial esterase activity occurs similarly in the interganglionic connectives. In each instance, this activity is very greatly reduced by pretreatment of the preparation with eserine, though occasional well defined regions of apparently insensitive esterase activity persist, as demonstrated by the presence of relatively coarse deposits of reaction product (Fig. 12) . It should be noted, however, that in eserine-treated nerve cords the great majority of periaxonal glial processes in the cereal nerves and connectives are completely devoid of reaction, and presumably the small amount of residual esterase was not resolved in Wigglesworth's light microscope preparations.
DISCUSSION
The results described in the foregoing account are of relevance to two controversial questions that have been central to considerations of the physiology of the central nervous system of insects : first, the existence of a cholinergic transmission mechanism; and secondly, the often reported insensitivity of the nervous system of insects to applied acetylcholine.
The hypothesis of the cytological basis of synaptic transfer of excitation, originally discussed by De Robertis and Palay with reference to central synapses in vertebrates, was extended and elaborated by Katz and his coworkers (references in Katz, 1962) in a scheme that also unites in a very satisfactory manner the structural, pharmacological, and neurophysiological properties of the neuromuscular junction in vertebrate material--a cholinergic synapse. It has been found (Smith, 1960; Smith and Treherne, 1963 ) that although the insect neuromuscular junction is not a cholinergic system (Wigglesworth, 1958) , nevertheless the cytological architecture of these peripheral junctions is very similar to that of vertebrates, and it was suggested on this basis that in insects the same cytochemical mechanism has been adopted to supply an as yet unidentified transmitter agent, the physiological analogue of acetyl-D. S. SmTH AND J. E. TaEItERNE Cholinesterase Activity in Central Nervous System choline, to receptive sites on the postsynaptic plasma membrane. The possibility of adaptation of a common structural situation to supplying different chemical transmitters at neuromuscular junctions indicates that caution should be exercised in interpreting the precise biochemical significance of the synaptic foci described in electron micrographs of the insect neuropile (Smith and Treherne, 1963) . These last observations suggested that in the neuropile at least some transmission is mediated by transmitter release from synaptic vesicles, but these micrographs could offer no information on the nature of the transmitter at a particular synaptic focus. The present results add a further, and important, detail to our knowledge of the morphological unit of chemically mediated synapse postulated by De Robertis, Palay, and others: namely, the discontinuous localization of an eserine-sensitive esterase associated with axons containing synaptic vesicles, the presumed bearers of the transmitter molecules, encapsulated or sequestered within the presynaptic axoplasm. It is entirely possible, indeed likely (see Colhoun, 1963) , that other types of chemically mediated synapses may be present in the neuropile of the insect ganglion, but it is suggested that the observations described here afford a direct visualization of cholinergic synaptic sites in this part of the nervous system in Periplaneta: that the presumed acetylcholinesterase sites described represent discrete biochemically specialized regions along closely apposed axon surfaces where, by inference (cf. Katz, 1962) , transmitter molecules (acetylcholine) may be emitted from the synaptic vesicles, opposite corresponding receptive sites on the surface of the postsynaptic component. As in other synapses, it is assumed that the localized concentration of cholinesterase in the neuropile effects the rapid hydrolysis of acetylcholine, curtailing the effect of this substance on the ionic permeability of the postsynaptic membrane after the transfer of excitation has taken place.
Attention has been drawn previously to the fact that the loci of cholinesterase activity in the neuropile are by no means invariably flanked by synaptic vesicles, and we must consider the possible relationship between such areas and the typical synaptic loci, equipped with complements of vesicles, occurring with them. In this connection, the following passage from Palay (1958) is apposite, since it emphasizes the importance of caution in the interpretation of electron microscope images of a system that may undergo extremely rapid alterations of configuration, paralleling the transient physiological events that it governs: "This (the synapse) is not a soldered junction of two hot wires, but a living system. Its morphology as well as its physiology must be considered dynamic. The processes of nerve cells may well be in constant play, flowing and shifting in position and in shape, as they do in tissue culture preparations. The contact points may shift from one position to another by gliding over the postsynaptic surface. At least, we may easily imagine a dynamic 'scintillation' of the clustered synaptic vesicles, discharging now at one point, now at another." Palay's remarks, constituting the concluding word in an account of the morphology of synapses in the vertebrate brain, are entirely applicable to the present discussion of the insect neuropile. We have no information concerning the possible movement of vesicles or other structures within the living axoplasm, but it seems reasonable to suppose that the arrival of excitation in a presynaptic component may perhaps mobilize the carriers of the transmitter molecules, the synaptic vesicles, to the vicinity of the synaptic foci, where they may discharge their contents to elicit a postsynaptic response.
This cytochemical evidence has been offered and FmuaE 8. A region within the Periplaneta ganglion corresponding to that shown in Fig.  1 ., including the edge of a neuron perikaryon (pk) and the surrounding glial sheath (gl).
Note the finger-like invaginations (*) of glial origin, within the nerve cell body, and the dictyosomes (di) within the latter. The glial sheath comprises concentrie layers, the cell membranes of which are, over most of their extent, tightly apposed (as in the regions indicated with arrows). At right, a portion of a glioeyte nucleus is included (n). In this eserine-treated material, the pronounced esterase reaetion within the glial sheath (el'.
Figs. 1 and ~) has been completely inhibited. (10 -4 M, eserine; unstained section.) X 50,000.
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:FIGURE 4. Electron micrograph of a field within the neuropile of the last abdominal ganglion of Periplaneta, illustrating the distribution of residual esterase activity, after treatment of the material with eserine. Numerous axon profiles are present: some of these contain synaptic vesicles (sv), and in the region arrowed a cluster of these structures are present in a synaptic focus (cf. interpreted in support of the existence of cholinergic synapses in the neuropile of the cockroach last abdominal ganglion, and now the presence of an eserine-sensitive esterase (presumably cholinesterase) in the glial processes surrounding the neuron perikarya, and around the cercal nerves and connectives, must be considered. This is, however, a convenient point at which to include a note regarding the residual eserineinsensitive reaction, observed in the various glial glial structures, and mentioned previously. Treherne and Smith (1965) have shown that only very limited hydrolysis of acetylcholine takes place in nerve cords that have been treated with eserine, and it seems that such sites of unspecific esterase activity are quantitatively unimportant, and at this stage it is not possible to assign a definite physiological function to them. Treherne and Smith (1965) have shown that, contrary to some earlier suggestions, the nerve sheath of the entire central cord does not function as a diffusion barrier to the entry of acetylcholine, applied externally, but rather that this molecule passes into the ganglion and other regions of the central nervous system at a rate comparable with that of inorganic cations present in the hemolymph. These studies showed, moreover, that passage of acetylcholine into the central nervous system occurred as a two-stage process: a rapid uptake eventually giving way to a slower accumulation. The former phase was found to be unaffected by pretreatment of the cord with eserine, though in the presence of this inhibitor, metabolism of the acetylcholine was reduced to a very low level. The rapidly entering acetylcholine is believed to be initially accommodated, to a large extent, in the extensive extracellular spaces beneath the perineurium and between the glial sheaths around the neurone cell bodies (Treherne and Smith, 1965) . It has been suggested that, in the absence of a peripheral diffusion barrier, the apparent insensitivity of the nerve cord to applied acetylcholine may result in part from the high cholinesterase concentration in the central nervous tissue of the insect. The further possibility exists that the susceptibility of the postsynaptic membranes may itself have a relatively high threshold for chemical initiation of excitation transfer; Twarog and Roeder (1957) and Yamasaki and Narahashi (1960) have shown that in preparations treated with eserine, acetylcholine becomes effective in concentrations of 10 -4 M as compared with 5 X 10 -7 M in vertebrate sympathetic ganglia (cf. Eccles, 1953 ). It appears that the present results may have a bearing on the former of these two possibilities, since the sites of cholinesterase activity situated around the perikarya just outside the neuropile are strategically placed to produce a low concentration of extraneous acetylcholine in the restricted extracellular spaces of the central region of the ganglion, where synaptic transfrer occurs. A similar function, of protection of the axons, may perhaps be attributed to the regions of glial-bound cholinesterase activity which are situated in the cereal nerves and connectives in the nervous system of the cockroach. 
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THE JOURNAL OF CELL BIOLOGY • VOLUME ~6, 1965 FIGURES 8, 9 a and 9 b, electron micrographs of regions within the neuropile of a Periplaneta ganglion, illustrating the spatial relationship between focal clusters of synaptic vesicles and membrane-assoclated sites of cholinesterase activity. It is suggested that these enzymatic sites, together with the vesicles adjoining them, represent synaptic regions between pre-and postsynaptic elements, corresponding to the synaptic foci described in the vertebrate central nervous system by De Robertis and Palay. The esterase activity evident in these micrographs is found to be completely inhibited by eserine.
I~IGURE 8 The center of this field is occupied by an axon profile (pr) containing synaptic vesicles (sv). This axon is interpreted as being a presynaptic unit, and, at the left, is closely apposed to a longitudinally oriented axon (/9ol) containing neurofilaments (nf). Three sites of cholinesterase activity are situated between these two axon profiles (1, 2, 3): axon pol is considered to represent a postsynaptic unit contacting the presynaptic member, pr. Note that synaptic vesicles are preferentially concentrated in the axoplasm of pr opposite the discrete patches of reaction product. A further site of activity is situated between pr and a small axon profile po: and synaptic vesicles are likewise associated with this region (*). A very small axon branch (arrow) is surrounded by the dense reaction product. Present within the axoplasm of pr are a well preserved mitochondriou (m) and other membranous structures (ra') probably representing swollen mitochondria. )< 75,000. FIGURE 9 b An enlargement of region 3 in Fig. 9 a, illustrating the fact that the reaction product appears to be situated on both the pre-and postsynaptic membranes; a narrow gap (arrow) separating the two blocks of deposited lead sulfide. (Figs. 8, 9 a, 9 b: no eserine; lead-stained sections.) )< 115,000.
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FmuREs 10 a and 10 b A pair of serial sections of the Periplaneta neuropile, illustrating the complexity of the spatial relationships and of sites of cholinesterase activity between the axon branches. In Fig. 10 a, a presynaptic axon terminal (pr) containing large numbers of synaptic vesicles (ca. 7500//z 3) makes contact with several axons of various sizes
(1 through 7, 10) within which synaptic vesicles are virtually absent. Well localized cholinesterase activity is present between pr and presumed postsynaptic profiles 1, 3, 4, 6, and 7.
In Fig. 10 b, all profiles are numbered as in Fig. 10 a, with an added prime. In this micrograph the apposition of pr' and axons 8' and 9 r is now clearly established, and light deposits of reaction product are found between them (*), while heavier deposits (arrows) are associated with the postsynaptic branches 1' through 7". In neither micrograph is any reaction product e~ident between the vesicle-laden axon and the large profile at left (10, 10') which contains neuroseeretory droplets (nd). Note the neurofilaments within the axoplasm of profile 7, 7'. (No eserine; unstained sections.) X 45,000.
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THE JOURNAL OF CELL BIOLOGY • VOLUME ~6, 1965 FIGURE 11 A field including a group of axon profiles (1 through 5) within the connective leading from the last abdominal ganglion of the cockroach Periplaneta. The axons are ensheathed by glial cell processes (gl) the plasma membranes of which, though generally closely apposed, diverge periodically (*) to delimit extracellular lacunae. The axoplasmic structures are poorly preserved, although a few neurofilamcnts remain (nf). An esterasc reaction is visible in association with the glial membranes (arrows) as indicated by the presence of very small particles of the dense reaction product, but this is entirely absent from the axon plasma membranes. The bulk of the esterase activity in the connectives is inhibited by eserine, but after treatment of the cord with this inhibitor, very limited residual activity persists both in the connectives and cereal nerves (cf. Fig. 1~2 ).
(No eserine; unstained section.) )< 44,000.
FmURE 1~ Electron micrograph illustrating a region of unspecific residual esterase activity, after eserine treatment, associated with a narrow glial sheath separating two axons (1, 2) in the cereal nerve of Periplaneta. The relatively coarse granules of lead sulfide are situated along the glial cell membrane; the axon membranes (am), separated from them by an cxtracellular gap of only ca. 100 A, are totally unreactive. The physiological significance of this esterase is unknown. (10 -4 M, eserine; unstained section.) )< eO,O00.
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